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TESTING ELECTRONIC DEVICES 

BACKGROUND 

The invention relates to testing electronic devices such as 
integrated circuit devices. 

Various tests may be performed on electronic devices 
such as integrated circuit (IC) devices, including functional 
tests, burn-in tests, and other tests. Conventionally, several 
techniques are available to test IC devices. For example, one 
type of testing involves testing singulated, packaged units 
(units that have been separated from other units during 
assembly). Multiple singulated, packaged units (e.g., eight, 
sixteen or more) may be mounted on a test structure and 
tested in parallel. IC devices that have been tested in this 
manner include such high density memory products as 
dynamic random access memories (DRAMs), static random 
access memories (SRAMs), electrically erasable and pro 
grammable read-only memories (EEPROMs), and ?ash 
memories. HoWever, such test techniques typically employ 
relatively expensive handlers and the number of units that 
can be tested in parallel may be rather limited. Further, 
mounting singulated, packaged units into a test system may 
employ a relatively large amount of space since individual 
sockets are provided for each unit. 

A test technique that alloWs a greater extent of parallel 
testing involves mounting singulated, packaged units onto 
load boards that have individual sockets to receive the 
singulated units. Each load board may contain a relatively 
large number of units, and several load boards may be 
mounted in a temperature chambers for testing. HoWever, 
such load boards conventionally employ relatively expen 
sive loading and unloading equipment, and test equipment 
used With the load boards may require a relatively large 
amount of space. Further, a tester for handling load boards 
having hundreds or even thousands of units may tend to be 
rather expensive. 

Another test technique includes testing encapsulated, but 
not singulated, devices that are still attached to the mold 
strip. These devices are tested by contacting mechanical 
probes to the leads of units that are attached to the strip. 
Because of the use of contact probes, hoWever, a large 
number of devices are not tested at the same time. Such a 
technique is typically convenient for products such as tran 
sistors or diodes that have short test times, that do not require 
complicated test patterns such as those used With more 
complex IC devices (e.g., DRAMs, EEPROMs, and so 
forth), and that do not need to be tested in a temperature 
chamber for testing at different temperatures. 
A need thus exists for an improved test method and 

apparatus for electronic devices including IC devices. 

SUMMARY 

In general, according to one embodiment, a test apparatus 
includes a lead frame portion on Which are attached a 
plurality of electronic device units each having one or more 
pins. The lead frame portion may be mounted in a socket 
having conductors electrically coupled to corresponding 
pins of the electronic device units. 

Other features and embodiments Will become apparent 
from the folloWing description and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flow diagram of an embodiment of an assembly 
process of an electronic device such as an integrated circuit 
(IC) device. 
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2 
FIG. 2 illustrates a lead frame attached to multiple encap 

sulated units formed in one step of the process of FIG. 1. 

FIGS. 3A—3B illustrate enlarged vieWs of portions of the 
assembly of FIG. 2. 

FIG. 4 illustrates a test assembly according to one 
embodiment formed during the assembly process of FIG. 1 
for use With a test system. 

FIG. 5 illustrates a test system in Which the test assembly 
of FIG. 4 may be mounted. 

FIG. 6 illustrates a test assembly for performing DC tests. 

DETAILED DESCRIPTION 

In the folloWing description, numerous details are set 
forth to provide an understanding of the present invention. 
HoWever, it is to be understood by those skilled in the art that 
the present invention may be practiced Without these details 
and that numerous variations or modi?cations from the 
described embodiments may be possible. 

Referring to FIG. 1, a process according to one embodi 
ment includes a process for assembling and testing inte 
grated circuit (IC) device units, Which may be electrically 
erasable and programmable read-only memories 
(EEPROMs) or other devices. In one embodiment, a test 
assembly is formed during the process that includes a 
plurality of encapsulated but not singulated IC units that are 
still attached to a lead frame (also referred to as a mold 
strip). The test assembly may include a large number of IC 
units (e.g., hundreds or thousands) attached to the Whole or 
several sections of a lead frame or strip. The multiple IC 
units in each strip portion (Which may be the Whole strip or 
a strip section) may be tested in parallel. The test assembly 
including the strip portion or portions may be handled as a 
single entity to reduce handling costs. Attaching many IC 
units to the strip or lead frame portion and mounting that 
portion in the test assembly may also reduce the footprint 
needed in the test assembly to receive a relatively large 
number of IC units. 

In one embodiment, the lead frame or strip may be cut into 
several sections, With each section mounted in a correspond 
ing socket on the test assembly. In another embodiment, the 
strip is not separated into sections but instead the entire strip 
maybe mounted into a socket on the test assembly. For 
purposes of this application, the Whole lead frame or strip or 
a section of the lead frame or strip may both be referred to 
as a lead frame portion or a strip portion. 

Each socket includes electrical conductors or contacts that 
are adapted to electrically couple corresponding leads of 
units that are attached to a strip or strip section. The test 
assembly may include some type of support structure, such 
as a multi-layer printed circuit board (PCB), on Which one 
or more sockets may be mounted. Additional passive and 
active elements (e.g., resistors, capacitors, sWitches, 
multiplexers, signal traces, and the like) may also be coupled 
on the support structure to enable test signals to be routed to 
the IC units mounted in sockets on the support structure. A 
load board is an example of a test assembly that includes a 
PCB With one or more sockets and other elements. 

Initially, each IC unit may include a die that is formed on 
a semiconductor Wafer along With other dies. To separate the 
dies on a Wafer during the assembly process, a saW in an 
assembly machine cuts (at 102) the Wafer into individual 
dies. Next, the assembly machine attaches (at 104) the 
separated dies to a lead frame (or mold strip) With die attach 
material, Which may include electrically conductive epoxy, 
for example. The strip may have hundreds or even 
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thousands, as examples, of sites that are attached to corre 
sponding dies. A strip With attached dies may be subjected 
to high temperature to cure the die attach material to form a 
strong bond. 

Next, the assembly machine Wire bonds (at 106) the dies 
to leads on the strip by attaching Wires betWeen bond pads 
on each die and corresponding leads on the strip. A visual 
inspection may then be performed (at 108) to ensure integ 
rity of the die attachment and Wire bonding on the strip. 

Next, one or more strips may be loaded (at 110) into a 
molding machine, Which may be a plastic injection molding 
machine, for example. In the molding machine, plastic 
molding compound may be injected into molds to encapsu 
late the dies and Wire bonds. The strips With plastic encap 
sulated units are then subjected to high temperature to cure 
the plastic molding compound. At this point, the leads of 
each unit are still integrally attached to the lead frame or 
strip material. The leads are next trimmed (at 112) to remove 
the lead frame material coupling the leads (as illustrated in 
FIG. 2). 

Referring further to FIG. 2, a strip or lead frame 200 
includes a ?rst segment 202 and a second segment 204. In 
the ?rst segment 202, leads or pins 212 of IC units 210 have 
not yet been trimmed and they remain integrally attached to 
the lead frame 200, as illustrated in FIG. 3A. beads or pins 
222 of IC units 220 in the second segment 204 have been 
trimmed, that is, the leads 222 of the IC units have been 
separated from the lead frame 200, as illustrated in FIG. 3B. 
HoWever, after the trimming process, the bodies of the 
packaged units 220 remain attached to the lead frame 200 
although their leads 222 have been separated. Thus, encap 
sulated IC units remain attached to the lead frame 200 but 
their individual leads or pins are electrically isolated to 
alloW separate electrical access to each IC unit 220. 

After trimming, the encapsulated IC units still hold rela 
tively good mechanical tolerances With respect to the lead 
frame 200 to alloW the assembly including the IC, units and 
lead frame to be easily handled collectively as one entity. 
Once a strip portion is mounted in a socket, the leads of the 
IC units are protected against mechanical damage. As a 
result, the socket may be designed to be rather rugged so that 
it can be handled manually or automatically as an individual 
unit. In effect, instead of separately handling tens to hun 
dreds of IC units, embodiments of the invention alloW such 
IC units to be handled as a collection. In addition, no 
expensive handling equipment may be needed. 

Referring again to FIG. 1, according to one embodiment, 
each strip may then be cut into several sections (at 116) to 
form multiple strip sections, With each strip section includ 
ing multiple encapsulated IC units. The strip sections may 
then be mounted (at 117) into respective sockets in a test 
assembly. The siZe of and number of IC units that each 
section includes depends on the type and technology of 
socket used. In an alternative embodiment, if a socket is 
capable of receiving an entire strip, then the strip Would not 
need to be separated into sections. 
As further shoWn in FIG. 4, a test assembly 300 (Which 

may be a load board, for example) includes multiple (tWo or 
more) sockets (260, 262 illustrated) in Which are mounted 
strip sections 250, 252, respectively. The sockets 260, 262 
are attached to a support structure 270, Which may be a PCB, 
for example. In an alternative embodiment, an entire strip 
(not cut into sections) may be mounted in a single socket on 
the support structure 270. 

Edge connectors 272 may be formed on the support 
structure 270 for coupling to channels in a test system. One 
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4 
or more test assemblies (each including the support structure 
270, one or more sockets 260, 262, and a strip or strip 
sections having multiple encapsulated but not singulated IC 
units) may be loaded into the test system. In the illustrated 
embodiment of FIG. 4, each socket 260, 262 may have a 
cover (not shoWn) to hold the strip section in place. 

To align each strip section 250, 252 to a socket 260, 262, 
one or more alignment or guide holes 254 may be included 
in each strip section. Such guide holes 254 are typically 
formed during the assembly process for mechanical align 
ment and other purposes. The guide holes 254 may be ?tted 
into receiving pins or rods in each socket so that conductors 
or contacts in each socket are properly aligned to and in 
electrical communication With corresponding leads or pins 
of IC units attached to the strip section. 

After the strip sections 250, 252 are mounted in sockets 
260, 262 in the test assembly 300, one or more of the test 
assemblies 300 may be loaded (at 118) into a tester, such as 
the tester shoWn in FIG. 5. After test operations, functional 
and non-functional IC units are identi?ed, With the non 
functional units marked (e.g., inked) (at 121) for later 
identi?cation. The strip sections are demounted or removed 
(at 119) from the sockets and fed back to the assembly 
machine for form and singulate operations (at 120). In the 
form operation, the IC unit leads or pins are formed to 
desired shapes, and in the singulate operation, the IC units 
are separated from the strip or strip section. Next, the 
singulated units may be inspected (at 122) using optical 
scanning equipment, for example, to check markings, shapes 
of leads or pins, alignment of leads or pins of an IC unit, and 
so forth. Inked units may be identi?ed by the optical 
scanning equipment as bad units. The functional IC units 
may then be loaded into a shipping transport medium (e.g., 
tape/reel, tubes, or trays). 

Referring to FIG. 5, an example test system 400 may 
include a temperature chamber or other housing 402 having 
one or more ports or channels 404 for receiving correspond 
ing test assemblies 300. Temperature in the temperature 
chamber 402 may be varied during testing. A driver and 
multiplexer array 406 may be coupled betWeen an IC tester 
408 and the channels 404. The IC tester 408, Which may 
include a test pattern generator, is adapted to generate test 
signals that are driven by the driver and multiplexer array 
406 to one of the multiple channels 404. Based on some 
addressing or identi?cation scheme, the array 406 may route 
the test signals to one of the channels to access a test 
assembly 300 coupled to that channel. According to some 
embodiments, each IC unit in a test assembly 300 may be 
individually selected or addressed for testing. Each socket in 
a test assembly 300 may be identi?ed by the tester 408 either 
by a bar code scheme or by an identi?er (e.g., extra pin or 
ping provided by the socket) readable by the tester elec 
tronically. 
The test system 400 may be a relatively loW cost system. 

Thus, as illustrated, the multiplexer and driver array 406 
includes multiplexers and drivers to route test patterns 
generated by IC tester 408 to the appropriate one or more of 
the test assemblies 300. In such an embodiment, the more 
expensive electronics (such as dedicated drivers and test 
pattern generators) found in some high-speed testers may 
not be needed. It is to be understood, hoWever, that more 
expensive testers may also be used With test assemblies 
according to embodiments of the invention. 

In one example con?guration, the test system 400 may be 
coupled to a central controller 410 (Which maybe a computer 
for example). As an example, the central controller 410 may 
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execute test algorithms and patterns to control test signals to 
the IC units in the strip sections. Further, the central con 
troller 410 may control sWitching of signal lines in the 
multiplexer and driver array 406. The central controller 410 
may also be used to vary the temperature of the temperature 
chamber 402. 

Tests that may be performed on the IC units include 
functional tests and DC tests. Several techniques may be 
used to perform DC parametric tests (e.g., standby current 
tests, leakage tests, etc.) and tests for short or open circuits. 
One technique may be performed by a tester With a para 
metric measurement unit. Using a tester, the IC units may be 
mounted in the test assemblies 300. HoWever, in the test 
assemblies 300, the leads of several IC units may share a 
signal line on the PCB or other support structure 270. Thus, 
detected short or open circuits are identi?ed With a group of 
IC units rather than With a single IC unit. 

In this ?rst technique, isolation resistors may also be 
coupled to appropriate pins on each socket to prevent a short 
of one IC unit from affecting the ability to functionally test 
other units. Without isolation resistors coupled to pins of the 
socket, a short in a single IC unit may prevent other IC units 
from receiving or driving a signal line from the socket. The 
locations of IC units in a group may be identi?ed and stored 
by the tester. 

Once the DC tests have been performed, functional tests 
may be performed in the test system 400. With functional 
tests, each IC unit in a socket may be separately addressed 
for Writes and reads. Test patterns may be Written or pro 
grammed into IC units individually, in groups, or all at once 
in the functional test assembly, and the IC units may be read 
individually or in groups. The location of each unit that has 
failed functional tests (including burn-in tests) may be 
identi?ed by the tester 408 since each unit is separately 
addressable and every pin on the socket may be checked by 
the tester. When a defective unit that has failed a functional 
test is identi?ed, its location on the strip section is stored in 
a database (such as in a storage medium in the central 
controller 410) that may be accessed later to identify the 
defective unit. 

After the test is complete, unloading equipment that 
unloads the test assemblies 300 from the tester housing 402 
is able to read IDs of each socket. Based on information 
collected in the database stored in the central controller 410, 
for example, defective units on the strip sections are located. 
Defective units may be inked or otherWise marked for later 
identi?cation. 
As shoWn in FIG. 6, in an alternative embodiment that 

implements another technique to perform DC testing, sock 
ets 502 for receiving a strip or strip sections 500 may be 
attached to a specially designed test assembly 510 (referred 
to as a “DC test assembly”) that may be used to perform DC 
tests, including testing for short or open circuits, of IC units 
504 in each strip or strip section 500. Such a DC test 
assembly 510 according to one embodiment may include 
dedicated lines 506 and relays to identify each lead of every 
IC unit 504 causing a short or other failure. The DC test 
assembly 510 may not be practical for functional tests due 
to the large number of tester channels that may be needed. 
IC units 504 identi?ed using the DC test assembly 510 as 
having shorts (by detection of excessive current) or other 
DC failures may then be punched out or separated from a 
strip or strip section 500. Because the likelihood of shorts in 
the IC units is relatively loW, less than about 0.1 percent With 
an 8-pin IC unit, for example, the extra step of punching out 
defective units may not impose too much of a burden. 

In this embodiment, after DC tests have been performed 
in the DC test assembly, one or more sockets containing a 
strip or strip sections may be detached from the DC test 
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6 
assembly and attached to a functional test assembly 300 
(FIG. 4). Functional tests may then be performed. 

In one example embodiment, each strip may be divided 
into ?ve strip sections each containing tWenty IC units that 
are arranged in a matrix, e.g., a 5x4 matrix. If the ?ve strip 
sections are mounted into ?ve receiving sockets on the 
support structure 270, then a 5x20 matrix of IC units is 
provided in the test assembly 300. In one embodiment, each 
IC unit may include a serial EEPROM, although it is to be 
understood that the invention is not to be limited in this 
respect. Other types of IC units may include other types of 
EEPROMs, ?ash memories, DRAMs, SRAMs, 
microcontrollers, microprocessors, and the like. In addition, 
aside from IC units, other types of electronic devices may 
also be tested according to further embodiments of the 
invention. 
By decoding various control lines, such as chip select, 

clocks, data in and out lines, etc., using conventional parallel 
testing techniques, the unit can be accessed for Writes 
individually, as groups, or all at the same time, and the unit 
can be can be accessed for reads individually or as groups. 
Each lead of the IC units in a strip portion may be electri 
cally coupled to a corresponding pin in the socket so that 
there are at least as many socket pins as there are IC unit 
leads. The socket pins are coupled to traces on the support 
structure 270, Which may be a PCB for example, that are 
routed to edge connector contacts 272 formed on the support 
structure 270. Some signal lines may be shared by several 
socket pins so that the number of edge contacts 272 may be 
less than the number of socket pins. 

Advantages offered by some embodiments of the inven 
tion may include one or more of the folloWing. The func 
tional testing method and apparatus is relatively loW cost 
because of test cost reduction due to massive parallel testing. 
In addition, parallel testing can be performed by a relatively 
loW cost tester in conjunction With a multiplexer and driver 
array. Further, multi-temperature testing may be performed 
in a cost effective fashion. The test assembly including a 
strip or strip sections on Which IC units are attached is 
relatively easy to handle and has superior lead integrity. 
Further, because testing is performed during the assembly 
process, any lead damage may be repaired at the lead 
forming and singulation step (e.g., at 120 in FIG. 1). Asmall 
footprint is needed for the equipment, as the test assembly 
is much smaller than burn-in type load boards used in 
conventional systems in Which individual sockets are used 
for singulated units. The siZe of the test assembly may be 
about a quarter of the siZe of load boards used in conven 
tional systems. This alloWs use of a smaller temperature 
chamber for bum-in tests so that less mass needs to be heated 
and cooled to provide quicker test operations. 
The total assembly, testing, and inspection cycle time may 

be reduced as testing becomes part of the assembly process 
rather than a separate operation. During testing, many load 
ing and unloading and handling steps are eliminated using 
embodiments of the invention. In addition, once the IC units 
attached to a lead frame portion are inserted into a socket 
according to some embodiments, the leads of the IC units are 
protected from damage by test equipment or mishandling. 

Other embodiments are Within the scope of the folloWing 
claims. For example, other IC units that may be tested 
include DRAMs, SDRAMs, SRAMs, microcontrollers, and 
other integrated circuit devices. In addition, electronic 
devices other than IC units may be tested using a test 
apparatus and method according to further embodiments. In 
addition, the number of sockets that may be attached to a 
support structure in a test assembly may be varied. If Whole 
strips rather than strip sections are used, for example, then 
only one socket may be needed. To test even more electronic 
devices, additional sockets may be located on a support 
structure such as a PCB. 
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While the invention has been disclosed With respect to a 
limited number of embodiments, those skilled in the art Will 
appreciate numerous modi?cations and variations there 
from. It is intended that the appended claims cover all such 
modi?cations and variations as fall Within the true spirit and 
scope of the invention. 
What is claimed is: 
1. A method of assembling and testing electronic device 

units, comprising: 
attaching the electronic device units to a strip; 

mounting at least a portion of the strip in a test socket that 
includes conductors electrically coupled to the elec 
tronic device units on the strip portion; 

providing test signals to the test socket to test the elec 
tronic device units; 

marking electronic device units based on the test; and 

encapsulating the electronic device units on the strip and 
separating leads of the electronic device units from the 
strip. 

2. The method of claim 1, further comprising separating 
the strip into a plurality of sections and mounting the strip 
sections into corresponding test sockets. 

3. The method of claim 1, further comprising: 
determining if any of the electronic device units fail a DC 

test; and 
removing one or more failed electronic device units from 

the strip. 
4. The method of claim 1, further comprising: 
coupling at least a portion of the strip in a DC test 

assembly to identify shorts of leads of one or more 
electronic device units; and 

removing the electronic device units having shorted leads 
from the portion of the strip. 

5. The method of claim 4, further comprising mounting 
the test socket in a DC test assembly. 

6. The method of claim 5, further comprising removing 
the test socket from the DC test assembly and mounting the 
test socket in a functional test assembly to receive the test 
signals. 

7. Atest assembly for testing electronic devices, compris 
ing: 

a plurality of sockets; 
lead frame portions mounted in corresponding sockets, 

each lead frame portion being attached to a plurality of 
electronic devices, and each electronic device having at 
least a pin separated from the lead frame portion, 

the lead frame portions being cut from a single lead frame, 
Wherein the electronic devices are arranged in a matriX in 

each lead frame portion. 
8. The test assembly of claim 7, further comprising a 

support structure on Which the sockets are mounted and a 
plurality of electrical contacts formed on the support struc 
ture to receive test signals. 

9. The test assembly of claim 8, Wherein the support 
structure includes a printed circuit board. 

10. A method of forming a test assembly containing a 
plurality of electronic devices, comprising: 

attaching the electronic devices in a tWo-dimensional 
matriX to a lead frame; 

trimming leads of the electronic devices from the lead 
frame to electrically isolate the leads; 

mounting at least a portion of the lead frame into a socket 
in the test assembly; and 

encapsulating the electronic devices after they have been 
attached to the lead frame. 
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11. The method of claim 10, attaching the socket to a 

support structure and forming electrical contacts in the 
support structure to receive test signals. 

12. A tester for testing electronic devices, comprising: 
test assemblies; 
ports to receive the test assemblies; and 

a multipleXer and driver array to select one or more of the 

ports to receive test signals, 
each test assembly including a socket and a strip 

portion mounted in the socket and attached to a 
plurality of electronic devices and arranged to enable 
DC testing. 

13. The test system of claim 12, further comprising a test 
pattern generator to provide test signals to the multiplexer 
and driver array. 

14. A method of making electronic device units, compris 
ing: 

attaching the electronic device units to a lead frame; 

trimming leads of the electronic device units from the lead 
frame; 

mounting at least a portion of the lead frame into a socket 
in a test assembly; 

performing a DC test of each electronic device unit; 

performing a functional test of each electronic device; and 

separating the electronic device units from the lead frame. 
15. The method of claim 14, further comprising marking 

the electronic device units based on the tests. 
16. A test apparatus comprising: 
a lead frame portion on Which are attached a plurality of 

electronic device units each having one or more pins; 

a socket in Which the lead frame portion may be mounted, 
the socket having conductors electrically coupled to 
corresponding pins of the electronic device units; and 

a support structure containing conductive lines coupled to 
the socket and arranged to enable DC tests of an 
electronic device unit group less than all of the elec 
tronic device units. 

17. The test apparatus of claim 1, further comprising one 
or more additional sockets and one or more additional lead 
frame portions mounted in the one or more additional 
sockets, each additional lead frame portion attached to a 
plurality of electronic devices, the conductive lines further 
coupled to the one or more additional sockets. 

18. The test apparatus of claim 1, Wherein the one or more 
pins of the electronic devices includes leads that have been 
separated from the lead frame portion. 

19. The test apparatus of claim 1, Wherein the conductive 
lines are arranged to enable separate DC tests of groups of 
the electronic device units. 

20. The test apparatus of claim 1, Wherein the conductive 
lines are arranged to enable DC tests of individual electronic 
device units. 

21. The test apparatus of claim 1, Wherein the lead frame 
portion enables disconnection of an electronic device unit 
that fails a DC test. 

22. The test apparatus of claim 1, Wherein the conductive 
lines are arranged to also enable functional tests. 

23. The test apparatus of claim 1, Wherein each conduc 
tive line is coupled separately to a corresponding electronic 
device unit pin. 

24. The test apparatus of claim 1, Wherein each conduc 
tive line is coupled to a corresponding group of electronic 
device unit pins. 
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